INTRODUCTION
In Lithuania investigations of heat pump applications were initiated at the Lithuanian Energy Institute. Thermal and hydrodynamic experimental data and their analysis are presented in the monograph [1] and other publica tions [2] [3] [4] [5] [6] [7] [8] [9] .
Ground Source Heat Pumps (GSHP) are a modern tech nology for heating and cooling of buildings. They make use of geothermal energy (the heat stored beneath the earth surface) almost anywhere throughout Europe.
In such countries like Sweden, Switzerland, France, Ger many, Austria, GSHP are already a routine option for resi dential houses. In the countries of East Europe -Lithuania, Latvia, Estonia -now GSHP market development shows evident growth rates (in Lithuania the installed capacity increased 10 times in the period from 2004 to 2009 -from 2.88 MW to 31.2 MW), but the society is still faced with lack of information, especially from an economic point of view.
So, the aim of this study is to compare the Heat Pump System with the Gas Boiler System both installed in the same single family house.
INSTALLATION FOR INVESTIGATIONS AND METHODOLOGY
The heat pump allows transformation of heat from a lower temperature level to a higher one, by using external ener gy (e. g. to drive a compressor). Ground Source Heat Pump Systems consist of three main components: ground side, heat pump itself, and building side.
The Heat Pump (heating capacity -13.0 kW, pow er -2.6 kW, refrigerant -R407C) and Gas Boiler (capac ity -24 kW) were installed for heating purposes and in vestigations in a single family house (180 m 2 ) located in a suburb of Kaunas, Kaunas Region, Lithuania (Fig. 1) . The main component of the ground side of the GSHP System is a heat collector. The installed collector consists of 8 loops made from plastic pipes (polythene PA, D32×3).
Inside the loops we have a mixture of water and anti freeze liquid (approx. 400 litres) the freezing temperature of which is -12 °C. The flow resistance ∆p in the soil collector was calculated by ∆p = λqv . For the heat collector the top earth layer was re moved, the pipes were laid (in the depth of 1.8 meters), and the soil (loam) was distributed back over the pipes.
The main component of the building side of the Heat Pump System is also a heat exchanger which consists of tubes (diameter 12 mm, temperature 25-30 °C) installed in the floor and covered by concrete and tiles. The pres sure inside the soil collector and inside the floor heating system was 0.8-1.25 bar. Indoor temperature during the heating season was kept 18-22 °C, and the outside tem perature in the heating season changes from -10 °C up to +12 °C.
When the Heat Pump was in operation, the Gas Boiler was switched off and vice versa. A fan coil may be used, in case of need, to raise indoor temperature in a short time.
The measurement and registration once per 24 hours of temperatures (of water flows in loops, also indoor and ambient), volumes (of water circulating (m 3 /h) and natural gas used), pressures (in loops) and electricity consumption gave a possibility to calculate the operating costs and the coefficient of performance (COP) of the heat pump over the heating season.
RESULTS
The house in Fig. 1 and the HP soil collector are shown for more visualisation of the HP System only. The changes of the ambient temperature and the soil temperature from October 2007 to April 2008 are presented in Fig. 2 .
The average ambient temperature was -4.64 °C. The electricity consumption within the month of the HP was 732 kWh or 24 kWh per day. The COP was 3.95. When the heating season started, the temperature of the soil was 12-13 °C, the lowest ambient temperature was from minus 10 and the highest temperature was up to 12 °C.
The soil temperature goes down with the time because the heat was constantly taken off from the soil.
The temperature decrease of the soil was not less than 0 °C. It shows that the soil and the fluid which is inside of the pipes buried in the soil have no possibility to freeze. When the Heat Pump for the weekend was switched off, the room temperature went down from 20-22 °C to 15-17 °C and the temperature of the soil went up to 1-2 °C. The Gas Boiler consumed 24.46 m 3 of natural gas per day. The calculations (carried out using the prices of the natural gas, electricity and equipment of the year 2012) show that the operation cost of the Heat Pump System is 494.9 EUR/year and that of the Gas Boiler System is 3 735.1 EUR/year.
The comparison of the foreseen expenses for every of 10year exploitation (in case of the same operation cost every year) of each system are separately presented in the Table. Installation costs. Private investment: the total cost of the Heat Pump Heating System is 9 372 EUR; the total cost of the Gas Boiler Heating System is 1 100 EUR.
In the first year we have a sum of investment and ope ration costs. During next years the expenses are rising due to operation costs. The total expenses per 10 years for the Gas Boiler System are 2.61 time higher than for the Heat Pump System.
CONCLUSIONS
1. Heat Pump System is clean and easy to maintain.
2. The average COP was 3.95. 3. If in the short run the Gas Boiler System seems more financially attractive, in the long run (10 years) it requires 2.6 times higher expenses.
4. It is possible to reduce considerably the expenses for heating by switching off the boiler for 6-8 hours per night. 
